The relation of red blood cell sodium-stimulated lithium countertransport to blood pressure (BP) and prevalence of hypertension was assessed in univariate and multivariate analyses for 2,748 men and women aged 25-74 years who participated in the baseline examination of the Gubbio Population Study in north central Italy. Since age-specific countertransport values were consistently higher for men than women, all analyses were done for men and women separately. In simple correlation analyses, countertransport was significantly related to systolic and diastolk BP in both sexes (r values 0.107-0.163). In age-adjusted analyses, countertransport was significantly related to BP level of both men and women not receiving antihypertensive treatment; mean levels were high for hypertensive persons receiving antihypertensive therapy compared with normotensive persons. Age-adjusted prevalence rates of hypertension were progressively higher for both sexes in successively higher quintiles of countertransport, almost twice as high for those in the highest quintile compared with those in the lowest quintile. Correspondingly, age-adjusted logistic regression analyses showed countertransport to be related significantly to prevalence of hypertension for both men and women (p<0.001). Since age, body mass index, plasma total cholesterol, uric acid, glucose, urinary sodium/potassium excretion, pulse, and (for men) daily alcohol intake also were significantly correlated with BP, and in some instances with countertransport, relation of countertransport to BP was also assessed in multivariate analyses with control for these variables. For men and women, multiple logistic coefficients for the relation of countertransport to prevalence of hypertension were significant (p<0.05) or borderline significant ( 0 . 0 5 < / J < 0 . 1 0 ) ; a person with a high countertransport value was 1.3-1.9 times more likely to be hypertensive than a person with a low value. These findings indicate that the cross-sectional relation between countertransport and hypertension generally remains significant with control for other traits known to be related to hypertension. However, prospective data are lacking as to whether countertransport is an independent risk factor for incidence of hypertension. Such data are needed for further clarification of the relation of high countertransport to the etiology of hypertension. {Hypertension 1989;13:408-415) S everal studies have reported statistically significant relations between red blood cell (RBC) sodium-stimulated lithium (Na-Li) countertransport and blood pressure (BP). Most of these have been clinic-based case-control investigations contrasting mean Na-Li countertransport in people with normal and high blood pressure. '-10 Only a few have been population-based, involving limited samples narrow in age range or otherwise selected."-18 All to date have been cross-sectional. A key question is the meaning of the positive findings of these studies, in terms of still unresolved issues of the role of electrolyte metabolism in the etiopathogenesis of hypertension. Specifically, is the abnormality in cellular sodium metabolism reflected by Na-Li countertransport a significant aspect of the etiopathogenesis of hypertension? Is it independent of other traits related to both Na-Li Medical School, Chicago, Illinois (M.T.).
S
everal studies have reported statistically significant relations between red blood cell (RBC) sodium-stimulated lithium (Na-Li) countertransport and blood pressure (BP). Most of these have been clinic-based case-control investigations contrasting mean Na-Li countertransport in people with normal and high blood pressure. '-10 Only a few have been population-based, involving limited samples narrow in age range or otherwise countertransport and BP-high blood pressure (e.g., body mass index, glycemia, uricemia, alcohol intake 19 -21 )? The Gubbio Population Study-because of its large sample of young adult, middle-aged, and elderly men and women and because of the wide range of BPrelated variables measured at baseline-has the opportunity to explore these questions in depth. This paper reports the findings from its baseline survey for men and women aged 25-74 years.
Subjects and Methods
The Gubbio epidemiological study is a prospective population-based investigation of hypertension carried out in the hill town of Gubbio in north central Italy. Its baseline survey was carried out between March 1983 and December 1985. The population sample included 3,836 people aged 5 years and over of both sexes residing within the confines of ihe medieval town wall, of whom 3,536 (92.2%) participated in the survey. The opportunity to be examined was also extended to individuals residing outside the wall, both to complete family genealogies and to meet the demand from the entire community. These additional participants numbered 1,840, thus making a total of 5,376. Of these, Na-Li countertransport was determined for 3,874.
RBC Na-Li countertransport was determined according to the method described by Canessa et al 22 with minor modifications. Briefly, cells were separated from plasma and the buffy coat within 3 hours of taking the blood sample and placed into a preservation solution at 4° C (140 mM KC1, 10 mM NaCl, 2.5 mM potassium phosphate buffer, 1 mM MgCli). Within 30 hours the cells, in their preservation solution, were shipped at 4° C to the laboratory where Na-Li countertransport assay was performed within 4 days from the time of taking the blood sample. Use of a preservation solution permits valid determination of Na-Li countertransport with a delay of up to 5 days. 23 Cells were washed three times with an isosmotic solution containing choline chloride (149 mM choline chloride, 1 mM MgCl 2 , 10 mM Tris-MOPS). After the final wash, the supernatant was aspirated and discarded. One milliliter of packed cells was suspended in 10 ml of loading solution (150 mM LiCl, 15 mM glucose, 10 mM Tris-MOPS buffer), and incubated at 37° C for 3 hours. At the end of incubation, cells were washed four times with choline chloride washing solutions (4° C). After the final wash, the supernatant was aspirated and discarded. Packed cells were suspended in an approximately equal amount of choline washing solution. The hematocrit of this suspension was determined, and 0.4 ml of the approximately 50% suspension was placed in two tubes containing the efflux media (sodium efflux: 150 mM NaCl, 1 mM MgCl 2 , 10 mM Tris-MOPS, 10 mM glucose, 0.1 mM ouabain; sodium-free [choline] efflux: 148 mM choline chloride, 1 mM MgCl 2 , 10 mM Tris-MOPS, 10 mM glucose, 0.1 mM ouabain). The efflux was determined in triplicate at 0 and 60 minutes. The sodium-stimulated lithium efflux (Na-Li countertransport) was calculated by subtracting efflux in sodium-free medium from efflux in sodium medium.
Concentration of lithium in the supernatant was determined by atomic absorption spectrophotometry (atomic absorption spectrophotometer, Perkin Elmer 300, Perkin Elmer Corp., Norwalk, Connecticut). Technical error of the assay was calculated from randomly selected (30%) blind duplicates submitted to the laboratory. Overall technical error for the entire period of the survey (expressed as a percentage of the population mean Na-Li countertransport) was 11.3%. Quality control involved acceptance of values for days when technical error was less than 20%. The Na-Li countertransport values for the 3,874 people reported here met this criterion.
On the day of their examination, participants were asked to supply a first-voided morning urine sample, and to bring in all their current medications or the names thereof, including all those possibly prescribed for high blood pressure. They were requested to refrain from eating for at least 2 hours before the visit and from smoking and strenuous exercise for at least a half hour before the visit. Blood pressures were measured with a standard mercury sphygmomanometer by four staff doctors, specially trained (based on London School of Hygiene procedures) in standardized measurements, in accordance with the Gubbio Study protocol and manual of operations. In brief, after each participant had rested quietly for 5 minutes, measurements were performed, with use of a cuff of appropriate size for arm girth, on the right arm with the participant in the sitting position. The first and fifth phases of the Korotkoff sounds were recorded. Three measurements were made during the same sitting, plus a fourth at the end of the examination. The BP data used in the analyses for this report were the mean of the second and third measurements for each person. Pulse at the wrist was measured, based on a 30-second count, just before the first BP recording. Weight and height were measured with a beam balance scale with participants shoeless and wearing light clothing.
Urinary sodium, potassium, creatinine, and plasma glucose were measured by automated methods 24 -26 (Astra 8 Multi-Analyte, Beckman Instruments, Brea, California). Uric acid was measured by enzymatic colorimetry 2728 ; plasma total and HDL cholesterol, by an enzymatic method in a laboratory controlled by the international Lipid Standardization Program. 29 - 30 Red blood cell mean corpuscular volume was measured by Coulter Counter (Coulter Elec, Inc., Hialeah, Florida); it was included in the analyses because of its known relation to alcohol intake. Habitual daily alcohol consumption was obtained based on a standardized questionnaire. For the first eight variables above, data were available for the entire cohort (men and women aged 25-74 years), except for a few missing values. Measurement of plasma uric acid, glucose, and red blood cell (RBC) mean corpuscular volume was begun in the sixth month of the survey, thus data on these variables were available for 87% of the sample (1,094 men and 1,305 women age 25-74 years).
*Body mass index is weight (kgVheight (m 2 ).
Statistical methods for assessment of relations between Na-Li countertransport, other variables, and BP included quantile analyses with x 1 t e s t s of significance, computation of simple and partial product-moment correlation coefficients, simple and multiple linear and logistic regression, two-sample / tests, and analyses of variance to assess significance of differences among three or more means.
Results
Findings for the descriptive statistics and the relation of Na-Li countertransport and BP were similar for all adults aged 25-74 years and for those residing within the confines of the medieval town wall. Therefore, data for all adults aged 25-74 years are presented here.
Descriptive Statistics
Mean values for the variables considered in this report are given in Table 1 for the men and women aged 25-74 years with data on Na-Li countertransport at baseline. Table 2 gives simple product-moment correlation coefficients (r) with systolic BP (SBP) and diastolic BP (DBP) for all variables considered as independent variables in this paper. For men, all the variables were significantly correlated with both SBP and DBP, with r values ranging from 0.058 to 0.314 (aside from age). The larger r values (>0.200) were with body mass index, plasma cholesterol, plasma uric 
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acid (for DBP), and plasma glucose (for SBP). Correlation coefficients for Na-Li countertransport were 0.107 with SBP and 0.119 with DBP. Findings were similar for women, except that neither alcohol intake nor mean corpuscular volume were significantly related to either SBP or DBP, nor was pulse significantly related to SBP. Simple correlation coefficients were similar in analyses excluding persons receiving antihypertensive drugs at baseline (data not shown).
Blood Pressure Status and Mean Sodium-Lithium Countertransport, by Age and Sex
Untreated men with elevated blood pressure (borderline or definite) had higher mean Na-Li countertransport than men with normotensive BP levels in all age groups (Table 3 ). In the age-adjusted analysis, this difference in mean Na-Li countertransport was highly significant (p<0.001). For hypertensive men receiving treatment, mean Na-Li countertransport levels were uniformly high irrespective of recorded BP, and there was no significant difference based on BP reading (Table 3) .
Mean Na-Li countertransport was consistently lower for women than men (Table 4) . Patterns in regard to Na-Li countertransport and BP were similar in women compared with men; in particular, untreated hypertensive women had higher mean values than normotensive women (age-adjusted p<0.05). For treated hypertensive women, ageadjusted values were also high, with the highest mean value for those with definite high blood pressure despite treatment (Table 4) .
Quintiles of Sodium-Lithium Countertransport and Age-Adjusted Prevalence of Hypertension
For both men and women, age-adjusted prevalence of hypertension (defined as DBP >90 mm Hg, or receiving drug therapy for high blood pressure) was progressively higher for each successive quintile of Na-Li countertransport ( Table 5 ). The ratio of the prevalence of hypertension in Na-Li countertransport quintile 5 compared with quintile 1 was 1.85 for men and 1.90 for women. The findings for both sexes on the relation of Na-Li countertrans- Values are for men and women aged 25-74 years. Hypertension was defined as diastolic blood pressure 290 mm Hg or receiving drug treatment for hypertension. Na-Li CT, sodiumlithium countertransport.
•p<0.001 Values are for men and women aged 25-74 years. Hypertension was defined as diastolic blood pressure £90 mm Hg or receiving antihypertensive drug treatment. Coeff., logistic coefficient.
•p<0.05, tp<0.001. *Bivariate with age.
port to prevalence of hypertension were highly significant statistically (p<0.001).
Univariate Logistic Regression Analyses: Sodium-Lithium Countertransport and Age-Specific Prevalence of Hypertension
To assess further the relation between Na-Li countertransport and prevalence of hypertension, age-specific univariate logistic analyses were done. The resultant coefficients were statistically significant in two of five age-specific analyses for men and three of five for women (Table 6 ). In bivariate analyses that included age as an independent variable for the age group 25-74 years, the coefficient for Na-Li countertransport was highly significant (p<0.001) for both men and women. Based on these two logistic coefficients, a lithium countertransport value of 0.500, compared with 0.200, was associated with a relative risk of 1.80 for men and 2.00 for women, values similar to those recorded in the comparison of Na-Li countertransport quintiles 5 and 1 (Table 5) .
Multiple Logistic Regression Analyses: Sodium-Lithium Countertransport, Other Variables, and Prevalence of Hypertension
In multiple logistic regression analyses that included other variables reported to be related to BP or Na-Li countertransport, Na-Li countertransport remained significantly related to prevalence of hypertension for men, and was of borderline significance for women (z values of 2.05 and 1.91, respectively); the multiple logistic coefficients were similar for men and women (Table 7) . Based on these coefficients, a person with a Na-Li countertransport of 0.500 was 1.41 times more likely to be hypertensive than a person with a Na-Li countertransport of 0.200 mmol/1 RBC/hr. In these analyses, age, body mass index, plasma uric acid, and urinary sodium/ potassium ratio were significantly and independently related to prevalence of high blood pressure Values are for men and women aged 25-74 years. Hypertension was defined as diastolic blood pressure a90 mm Hg or receiving antihypertensive drug treatment.
Na-Li CT, sodium-lithium countertransport; MCV, mean corpuscular volume; Na/K, sodium/potassium ratio. *p<0.05, tp<0.001, *p<0.01.
in both men and women; plasma cholesterol in women only; pulse in men only.
Multiple Linear Regression Analyses: Sodium-Lithium Countertransport, Other Variables, and Blood Pressure
The relation of the cited variables to recorded BP level, with inclusion of hypertensive persons receiving treatment, was assessed in multiple linear regression analyses. Na-Li countertransport was significantly related to BP in only one of four analyses (i.e., to SBP for women, Tables 8 and 9 ). No Values are for men aged 25-74 years SBP, systolic blood pressure; DBP, diastolic blood pressure; Na-Li CT, sodiumlithium countertransport; RBC, red blood cell; MCV, mean corpuscular volume; Na/K, sodium/potassium ratio *p<0.001, tp<0.01, *p<0.05, based on the ratio of the coefficient to its standard error. Values are for women aged 25-74 years. SBP, systolic blood pressure; DBP, diastolic blood pressure; Na-Li CT, sodiumlithium countertransport; RBC, red blood cell; MCV, mean corpuscular volume; Na/K, sodium/potassium ratio.
•p<0.05, tp<0.001, based on the ratio of the coefficient to its standard error. significant findings were recorded in any of the four analyses when they were repeated excluding people on antihypertensive drug treatment. In these analyses, independent variables frequently related to BP were: age, body mass index, pulse, plasma cholesterol, plasma uric acid (especially for men), plasma glucose, and urinary sodium/potassium ratio (especially for men).
Multiple Regression Analyses: Sodium-Lithium Countertransport, Other Variables, and Prevalence of Hypertension, Blood Pressure Level
In view of the findings from age-specific multivariate logistic regression analyses (Table 6) , multiple regression analyses were also done for the age groups 35-64 and 35-54 years, with inclusion of the several variables shown in Tables 7-9 . The relation of Na-Li countertransport to prevalence of hypertension was significant for women and borderline significant for men (Table 10 ). For women aged 35-64 years, a Na-Li countertransport value of 0.500 mmol/1 RBC/hour, compared with one of 0.200, was associated with a 1.75 times greater likelihood of being hypertensive and for women aged 35-54 years, a 1.92 times greater likelihood. For men aged 35-64 years, this relative risk was 1.43 and for men aged 35-54 years, 1.65.
In three of four multiple linear regression analyses for women aged 35-64 and 35-54 years, the relation of Na-Li countertransport to level of blood pressure was significant; for men of these ages this was the finding in only one of four analyses (Table  10 ). With exclusion from the analyses of people receiving antihypertensive drugs, none of the eight multiple linear regression analyses yielded statistically significant coefficients for the relation of Na-Li countertransport to BP.
Discussion
The Gubbio Population Study in its baseline survey of 2,748 persons aged 25-74 years found a significant relation of Na-Li countertransport to SBP and DBP and to prevalence of hypertension in both men and women in univariate analyses controlled for age. In regard to men, these results are concordant with those of previous studies. '-' 8 In women, the clear demonstration of a significant association in the Gubbio population is in agreement with the findings of Turner et al, 1718 and indicates that the contrary report from one study 31 may be a false-negative result possibly due to a small selected sample. 31 In the Gubbio study, mean Na-Li countertransport was elevated in persons with hypertension regardless of whether they were receiving drug For other variables included in the analyses, see Tables 7-9. In the 35-64 year age group, men numbered 686, of whom 179 were hypertensive; women numbered 823, of whom 215 were hypertensive. In the 35-54 year age group, men numbered 435, of whom 93 were hypertensive; women numbered 473, of whom 76 were hypertensive. Na-Li CT, sodium-lithium countertransport.
*0.10<p>0.05, tp<0.0l, *p<0.05, based on the ratio of the coefficient to its standard error.
treatment for high blood pressure. The data of the Gubbio study also demonstrated that the relation of Na-Li countertransport to hypertension was a graded one (i.e., the higher the Na-Li countertransport the greater the age-standardized prevalence rate of hypertension). Prevalence of hypertension was about 1.9 times greater for men and women in the highest quintile of Na-Li countertransport compared with those in the lowest quintile. Data from agestandardized logistic regression analyses yielded similar estimates.
In agreement with earlier investigations of young adult and middle-aged populations, 19 -20 the Gubbio Study also recorded significant univariate associations at baseline between blood pressure and several other traits that included age, body mass index, plasma total cholesterol, plasma uric acid, plasma glucose, pulse, urinary sodium/potassium ratio, and alcohol intake. Since several of these variables are also significantly related to Na-Li countertransport, 21 multiple regression analyses were done to assess whether Na-Li countertransport related significantly to BP-high blood pressure independent of these other variables. In multiple logistic regression analyses for the age groups 35-74, 35-64, and 35-54 years, with the dependent variable presence of hypertension (DBP s90 mm Hg or receiving drug treatment for high blood pressure), the results were either significant (p<0.05) or borderline significant (0.10<p>0.05), for both men and women. Independent of age, body mass index, plasma uric acid, and urinary sodium/potassium ratio (all significantly related to high blood pressure), a high Na-Li countertransport of 0.500 mmol/1 RBC/hr was associated with a 1.41-1.92 greater probability of being hypertensive compared with a countertransport value of 0.200 mmol/l RBC/hr. These data lend support to the concept that Na-Li countertransport is implicated in the etiopathogenesis of high blood pressure. They may be viewed as particularly relevant in this regard, given the findings of statistical significance despite the possibility that these multiple logistic analyses may involve overadjustment and therefore may tend to obscure, rather than identify, relations of etiopathogenetic significance. For example, it is possible that such traits as caloric imbalance and resultant overweight, hyperglycemia, hyperuricemia, hypercholesterolemia, and high intake of sodium or alcohol can lead to hypertension through influences on sodium metabolism reflected in a high level of Na-Li countertransport. Hence adjustment for one or more of these variables in the multivariate analyses could be overadjustment, involving one or more key links in the etiopathogenetic pathway, with consequent statistical blunting of etiopathogenetically significant associations.
On the other hand, in multiple linear regression analyses, with SBP and DBP levels as the dependent variable, the results on the relation of Na-Li countertransport to BP were less consistent than those from the multiple logistic analyses. This was particularly the case for men, with only one of six analyses yielding a significant relation. For women, four of six showed a significant association. Again, this may reflect the possible problem of overadjustment. Also, it may be due to the influence of antihypertensive drug treatment on BP, which tends to shift countertransport levels downward for people with high blood pressure. Whatever the true case, these less consistent findings in the analyses leave a degree of uncertainty about the independent significance of the Na-Li countertransport-BP relation, even though five of the 12 analyses for men and women yielded statistically significant results.
Since no other studies with population-based data explored this issue of whether Na-Li countertransport is significantly related to BP-high blood pressure independent of other traits known to be associated with these variables, it is not possible at present to compare these findings from the Gubbio Study with those of other investigations. In any case, for a characteristic to be appropriately designated an etiologically significant risk factor, prospective data are required that demonstrate the baseline level of the trait is significantly and independently related to future risk of a disease developing (e.g., hypertension) in persons originally free of the disease and that show the prospective association is both strong and graded. 31 No such prospective data are available from any study on the Na-Li countertransport-BP relation. The Gubbio Study is now in the process of collecting 5-year follow-up data on this matter for its cohort.
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